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Summary: We previously repoacd that tranilast, an antiallergic 
agent, reduced intimal thickening after endothelial mjury in 
rats. In this study, to verify whether or not antiallergic agents in- 
!-.ibit intimal thickening, we investigated the effect of pemiro- 
iast on intimal thicJcening after endothelial injury and compared 
it5 effect with that of tranilast. Administration of two antialler- 
gic agents, pemirolast (0.1, I, and 10 rag/kg, p.o.) and tranilast 
(300 mg/kg. P.O., daUy), was begun 2 days before endothelial 
mjury and continued until the animals were killed. Endothelial 
injury m the rat femoral arteiy was induced by a photochemical 
reaction between localized iiradiadon by green hght and intra- 
venously administered rose bengal. To evaluate intimal hyper- 
plasia, we measured the cross-sectional area of the ijitima 21 
days after endothelial damage. Pemirolast at doses of 0.1, 1/ 
and 10 mg/kg reduced the intimal area to 2.10 ± 0.33- 1 36 ± 
0.19, and 1.35 ± 0.18 (xQ.Ol mm^), respectively, and tranilast 



showed a tendency to reduce the intimal area, which was 1.86 
± 0.35 X 0.01 mm^. compared with findings for controls (2.83 
± 0.49 X 0.01 mm^). In rat A 10 vascular smooth-muscle- cells, 
we invcsdgatcd the effects of andaliergic agents on migrauon 
by using a modified Boyden chamber assay and on proliferation 
by using the broraodeoxyuridine-incorporarion assay. Two an- 
tiallergic agents inhibited in a concentration-dependent manner 
both migration and proliferation of smooth muscle cells stimu- 
lated by platelet-derived growth factor. These results suggest * 
chat antiallergic agents directly inhibit migration of smooth- 
muscle cells to the intima from the media and -proliferation in 
the intima, and that pemirolast has more potent antihyperpiastic 
action than does tranilast. Antiallergic agents may be effecdve 
ia preventing restenosis after coronary angioplasty. Key 
Words; Pemirolast— Tranilast— Intimal thickening-^Endothe- 
liial injury — Migration — ^Proliferation. 



Percutaneous cransluminai coronary angioplasty 
(PT.CA) is a' well-established therapeutic option in the 
treatment of patients with arteriosclerotic coronary artery 
disease. However, this method is limited by the occur- 
rence of restenosis within 6 months after successful an- 
gioplasty in --30-40% of patients (1,2). Several experi- 
mental studies strongly support tlie concept that migration " 
of vpcular smooth-muscle cells to the intima from the 
media and proliferauon of smooth-muscle cells in the in- 
tima are key events in the restenosis of coronary arteries 
after PTCA (3,4), but the precise mechanisms of resteno- 
sis are not yet faUy understood. Although several animal 
studies of antiplatelet (5,6), anticoagulant (7-9), and anci- * 
hypertensive agents (10-12) have been reported in which 
agents inhibited intimal thickening in the balioon-injury 
model, clinical studies (13-15) have failed to identify an 
appreciable reduction in the rate of restenosis after PTCA. 

We previously reported that tranilast, an antiallergic 
agent, suppressed intimal thickening after photochemi- 
cally induced thrombosis in the rat (16). In studies in- 



volving human subjects, it was reported that the rate of 
restenosis after PTCA was reduced markedly in patients 
administered tranilast compared with controls (17,18). 
However, the detailed mechanism(s) inhibiting intimal 
thickening, by tranilast has not yet been clarified. It is iin- 
clear whether these mechanism(s) are related to antialler- 
gic action(s) (19). Pemirolast, an antiallergic agent, has 
been in cHnical use for treatment of patients with asthma 
and allergic rhinitis in Japan. The antiallergic actions of 
pemirolast are more potent than those of tranilast (20,21). 
Therefore to verify whether antiallergic agents inhibit in- 
timal thickening, we investigated the effect of pemirolast 
on intimal thickening after endothelial injury and com- 
pared its effect with that of tranilast. 

MATERIALS AND METHODS 

Treatment 

9-Methyl-3-01H-temizol-5-yl)-4H-pyrido[l,2-a]pyramidin- 
4-one potassium salt (pemirolast) and A/-(3,4-dimethoxycin- 
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namoyl) anthranilic acid (tranilast) were suspended in 0.5% 
carboxymethyl cellulose (CMC). Seventy-five male WIstar rats 
weighing 170-210 g were purchased from SLC (Hamamatsu, 
Japan) and were administered pcmirolast and tranUast orally 
once a day at doses of O.lT'l. 10. and 300 rng/kg, respectively. 
Drug administration began 2 days before endothelial injury was 
induced and was continued until the animals were killed. Con- 
trol animals received an equal volume of 0.5% CMC. 

Induction of a neointima 

Intimal thiclccning in the femoral artery of rats was produced 
by using photochemically induced endothelial injury as de- 
scribed previously (16,22). This model represents a nonmc- 
chanica] method of producing vessel-wall denudation. In brief, 
animals were anesthedzed by intraperitoneal injection of 50 
mg/kg sodium pentobarbital, and a cannula was insened into 
the jugular vein for rose bengal administrauon. The left femoral 
artery in the rat was carefully exposed, aiid a pulse-Doppler 
probe (PVD-20; Crystal Biotech, Hopkinton, MA. U.S.A.) was 
attached to it for monitoring blood flow. Transillumination with 
green light (wavelength, 540 nm) was achieved by using a 
xenon light with both a heat-absorbing filter and a green filter" 
(L4887; Hamamatsu Photonics, Hamamacsu, Japan). Irradia- 
tion was directed via an optic fiber positioned 5 mm away from 
a segment of intact femoral artery proximal to the flow probe. 
Irradiation, at a dose of 0.8 W/cm^, was initiated when the base- 
line blood flow >yas stable. Rose bengal (20 mg/kg) was then 
.• injected, and irradiation wa^ contirjued for another 20 min. The 
femoral artery was considered to be occluded when the blood 
flow had completely stopped. The time required to occlude the 
artery after administration of rose bengal was considered as. the ■ 
occlusion time. Thiny minutes after rose bengal administration, 
tile wound was closed. 

Assessment of mtimal thickening 

The femoral artery was removed from each rat for 
histopathologic examination 21 days after endothelia] injury. 
Vessels were perfusion-fixed in siru at physiologic pressure 
(80-100 mm Hg) with 1% paraformaldehyde and 2% glu- 
taraldehyde in O.J A/ phosphate-buffered- saline at pH 7.4. Then 
the femoral anery was removed and fixed fiirther by overnight 
immersion in the same fixative. The specimens were sectioned 
transversely and stained with hematoxylin and eosin for light 
microscopy. The cross-sectional areas of the iiitima and media 
were calculated by using a computerized apparatus (Video Mi- 
cro Meter Model VM-30; Olympus, Tokyo, Japan). 

Cell culture 

Rat AlO vascular smooth-muscle cells (AlO cells) were ob- 
tained from Dainippon Pharmaceutical Co., Ltd. (Osaka, Japan) 
and were maintained in Dulbecco's modified Eagle's medium 
cantaining 10% fetal bovine scrum (FBS), 100 unit/ml peni- 
cillin, 100 ^ig/ml streptomycin, and 100 ng/ml kanamycin The 
cells were incubated at 3VC in a humidified atmosphere con- 
taining 5% Cbj in air. 

Measurement of bromodeoxyuridine incorporation 
into cells 

The effects of pemirolasi and u-anilast on DNA synthesis 
were determined by measuring 5-bromo-2'-dcoxy-uridine 
(BrdU) incorporation. AlO cells (4 x 10"* cells/well) were plated 
into 96-wcll plates in the medium supplemented with FBS and 
grown to confluence (4 days). They were then made quiescent 
by a 2-day incubation in FBS-starved medium containing 0.1% 



bovine serum albumin (BSA). The FBS-starvcd medium con- 
taining 10 ng/ml recombinant human platelet -derived growth 
factor (PDGF)-BB was added to the cells together with pemiro- 
: last or tranilast and BrdU (10 \JlM). After a 24-h incubation pe- 
riod, the incorporation of BrdU into DNA was measured by us- 
ing an enzyme immunoassay kit (Boehringer Mannheim GmbH 
Biochemica, Mannheim, Germany). 

Measurement of cell migration 

The migration of AlO cells was assayed by the modified - 
Boyden chamber method by using a raicrochemotaxis chamber 
and a polycarbonate membrane filter with pores of 8 pm in di- 
ameter (Nucleoporc, Pleasanton, CA, U.S.A.). The drugs were 
placed in the upper and lower chambers, and 10 ng/ml PDGF • 
was placed in the lower chamber. AlO cells (10^ cells/well) in 
FBS-starved medium were loaded into the upper chamber and 
incubated for 4 h at 37°C in a humidified atmosphere contain- 
ing 5% CO2 in air. The filter was fixed and stained with Diff- 
quik (Green Cross, Osaka, Japan). The number Of AlO ccjls in 
four fields (0.25 mm^) that migrated to the lower surface of the 
filter was determined by using a microscope. 

Drugs 

Pemirolast and tranilast were gifta from Tokyo Tanabe Co., 
Ltd. (Tokyo, Japan) and Kissei Pharmaceutical Company (Mai- 
sumoto, Japan), respectively. PDGF was purchased from Fu- 
nakoshi Company (Tokyo, Japan). FBS was from GIBCO 
(Grand Island, NY, U.S.A.). 

Statistical analyses . . 

Results represented the mean ± SEM values. Statistical 
analysis was performed by analysis of variance (ANOVA) fol- 
lowed by Dunnett's multiple comparison test A p value < 0.05 
is considered to be signifjcanL 

RESULTS 

Effect of pemirolast on intimal thickening 

Twenty-one days after endothelial injury, neointimal 
thickening was observed in the subendothelial layers of 
the drug-untreated animals (Fig. 1 A). Pemirolast at doses 
of 0.1 , 1 , and 10 mg/kg/day and tranilast at a dose of 300 
mg/kg/day were orally administered 2 days before en- 
dothelial injury, and administration continued until the 
animals were killed. Intimal thickening tended to be re- 
duced in animals receiving pemirolast at a dose of 0.1 
mg/kg and tranilast at a dose of 300 mg/kg compared 
with controls (Fig. IB, E). With pemirolasr (1 and 10 
mg/kg, Fig. IC, D), intimal chickening was distinctiy de- 
creased compared with the control group (Fig. lA). The 
values obtained from cross- sectional areas of the intima 
in the injured femoral arteries are shown in Fig. 2. The 
intimal areas in the pemirolasi -treated groups (0,1, 1, and 
1 0 mg/kg) were 2. 1 0 ± 0.33, 1 .36 ± 0. 1 9, and 1 .35 ± 0, ] 8 
(X 0.01 mm^), respectively; values for the pemirolast- 
treated groups receiving dosages of 1 and 10 mg/kg were 
significanQy (p < 0.01) decreased compared wilh the 
value for the control group (2.83 ± 0.49 x 0.01 mm^ Fig. 
2A). The ratios of the indmal area to medial area in the 
pemirolast-trcatcd groups were O.43 ± 0.07, 0.27 ± 0.04, 
and 0.26 ± 0.04, respectively; die last two values were 
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RG,1 Light micrographs of representative histologic cross-sec- 
tions from rat femoral artery segments 21 days after photochem- 
icaily induced endothelial injury. A: Injured vessel treated with ve- 
hicle. B-D: .Injured vessels treated with pemiroiast (0.1 , 1, and 10 
mg/kg, respectively). E: Injured vessel treated with tranilast (300 
n^g/kg). The Internal elastic lamina is indicated by arrows in A-E. 
Hematpxylin-eosin stain (original magnification xlOO). 
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FIG; 2. Effects of pemirolasr and 
traniiast on (A) intima! area, (B) 
medial area, and (C) intima/media 
ratio of rat femoral arter^' 21 days 
after photochemlcally Induced en- 
dothelial, injury. Data are presented 
as mean ± SEM (n - 15). *"p < 0.01 
versus values obtained from vehi- 
cle-treated rats. 
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sigmficandy (p < 0.01) lower than that in the control 
group C0.61 ± 0.11; Fig. 2C), In the tranilast-treated 
group (300 mg/kg), the intima] area and the ratios of in- 
timal area to mediai area were 1 .86 ± 0.35 (x 0 01 mm^) 
and 0.37 ±^0.07, respectively; L»iese values did not reach 
statistical significance compared with controls (Fig. 2A, 
C). The media] areas of pemifoiast- and trajiilast-ireated 
groups were almosf the same as that of the control group 
and these values did not differ significantly from the con- 
trol value (Fig. 2B). Neither drug had an effect on the 
medial areas in the arteries on the opposite side (unin- 
jured arteries), 

Fretreatment with penxLrolast and traniiast had no ef- 
fect on the occlusion time of the injured femoral artery 
the values being 6.58 ± 0.90 min for the control crroup 
'and 7.08 ± 0.92, 5.79 ± 0.50, and 6.87 ± 0.84 min for the 
pemirolast (0.1. 1, 10 mg/kg) and 5.62 ± 1.03 for trani- 
iast (300 mg/kg) groups. . 

Effects of pemirolast and traniiast on AlO cell 
proliferation 

The effects of pemirolast and traniiast on DNA syn- . 
thesis were evaluated by measuring BrdU incorporation 
after a 24-h incubation period (Fig. 3). Pemirolast and 
traniiast produced a concentration-dependent inhibition 
of A 10 cell proliferation stimulated by PDGF Pemirolast 
and traniiast inhibited BrdU incorporatiou at concentra- 
tions of > 3 and 30 jjA/. respectively. 

Effects of pemirolast and traniiast on A 10 cell 
migration 

The effects of pemirolast and traniiast on AlO ceil mi- 
gration stimulated by PDGF after a 4-h incubation period 
are shown in Fig. 4, Pemirolast and traniiast inhibited 
AIG cell migration stimulated by PDGF in a concentra- 
tion-dependent manner. Pemirolast and traniiast inhibited 
cell migration at concentrations of > 3 and 30 |iAf, re- 
spectively. 

DISCUSSION 

In this study, we used the photochemical-induced 
thrombosis model in the rat femoral artery. This model 



involves an occlusion induced by a photochemical reac- 
tion between green-light irradiation and rose bengil, a 
photosensitizing dye, and can be applied to various ani- 
mals, including mice, rats (16,23-25), and guinea pics 
. (22), and various sites including the femoral artery 
(16,22), middle cerebral artery (23), inner ear microcir- 
culation (24), and coronary artery . (25). Photoexcitation 
of rose bengal by green light-generated singlet oxygen 
causes endothelial injury followed by platelet adhesion, 
aggregation, and the formation of a platelet-rich throm- 
bus at the site of the photochemical reaction (26). In this 
model, growth factors (including PDGF and other mito- 
genic factors, epidermal growth factor, and p-transform- 
ing growth factor) are released from adherent platelets 
and injured endothelial cells; these factors may play a 
key role in neointimal accumulation. 

Pemirolast has a more potent antiallergic action than 
does traniiast in its inhibitory effects on passive cutaneous 
anaphylaxis and histamine release from mast cells or lung 
fragments (20,21). Its main mechanism may be the inhi- 
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FIG. 3. Effects of pemirolast (solid circle) and traniiast (open cir- 
cle) on the incorporation of 5-bromo-2'-deoxy-uridlne (BrdU) into 
A10 cells stimulated by platelet-derived growth factor (PDGF) 

Growth-arrested A10 cells were incubated for 24 h together with 

PDGF (10 ng/ml) and BrdU (10 ^lM) in the. presence of pemiro- 
last pr traniiast. Each value shows the percentage inhibition of 
BrdU incorporation into A10 cells when the control value Is 
100%. Data are presented as mean ± SEM (n = 6). "p < 0.01 
versus values obtained fronn only PDGF-stimulated cells. 
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FIG, 4. Effects of pemirolasi (solid circle) and tranilast (open cir- 
cle) on the migration of AlO celfs stimulated by platelet-derived 
growth factor (PDGF). Drugs were placed in the upper and lower 
chambers, and the lower chamber contained PDGF (10 ng/ml). 
A10 cell suspension was incubated for4 h in the upper chamber" 
Each value shows the percentage inhibition of migrated ceils 
•/hen the control value is 100%. Results are presented as mean 
^ ^ ^'^'^ versus values obtained from only 
PDGF-stimuIated cells. ' 



bition of the activation of phospholipase C and the' de- 
crease in signal-transducing molecule fonnation for mast 
cell degranulation (27,28). We previously reported that 
tranilast, ai a dose of 300 mg/kg, significantJy inhibited 
the formation of neotntima by using ±c same model in 
spontaneously hypertensive rats (SHRs) (16). Therefore 
in this smdy to verify- whether or not antiallergic agents " 
inhibit intimal thickening, we investigated the effect of 
pemirolast on intimal thickening after endothelial injury 
and compared results with those of tranilast. We used nor- 
motensive rats in this study, because to investigate the di- 
rect effect(s) of antiallergic agents on intimal thickening, 
the possible influence of hypertension should be avoided. 
Sufficient intimal thickening was induced m this study by 
-egulating the amount of administered rose bengal and in- 
:nsity of green-light irradiation. Intirnal thickening in 
this experimental condition was reduced when tranilast 
Was administered at a dose of 300 mg/kg in comparison 
wiihfindbgs for controls, but the values did not rekch sta- 
tistical significance. The different results rday be ex- 
plained by the more severe injury lo the endothelium in 
this smdy compared with that in the previous experiment. 
In fact, the value obtained for the intima/media ratio in 
this smdy was 0.61 ± 0.11, which was distinctly greater • 
than that of intima/media in the previous experiment, 0.17 
± 0.03. Under this condition, pemirolast remarkably in- 
hibited intimal thickening at a dose of only 1 mg/kg after 
endothelial injur/. Prctreatment with pemirolast or trani- 
last had no effect on thrombotic occlusion time of the 
femoral artery in this study, and it has been reported that 
the two compounds do not inhibit platelet aggregation in 

vitro (16,29). Therefore pemirolast and tranilast did not 

affect platelet function in this study. 

In this smdy, we demonstrated that in rat A 10 vascular 
smooth-muscle cells, pemirolast and tranilast suppressed 
the migration and proliferation of smooih-muscle cells 
stiniulated by PDGF, and that pemhrolast exhibited a more 



potent inhibitory effect than did tranilast." Pemirolast in- 
hibited both proliferation and migration at a concentration 
of 3 fjjVf, which is comparable to the maximal plasma con- 
centration of pemkolast when pemirolast was orally ad- 
ministered in rats at a dose of 1 mg/kg (data not shown). 
Vascular smooth-muscle cell migration from the media to 
the mtima and proliferation of smooth-muscle cells in the 
intima play key roles in intimal thickening. These results 
suggest that antiallergic agents directly inhibit the migra- 
tion of smooth-muscle cells to the intima from the media 
and cellular proliferation in the intima. Funher, the in- 
hibitory effects of pemirolast on hyperplasia, as well as 
antiaUergic effects, were observed at a lower dose com- 
pared with tranilast; thus antiallergic action(s) are consid- 
ered to be related to anrihypeiplasia. Recendy it was re- 
ported that pemirolast inhibited histamine release from 
mast cells via inhibition of FceRI [receptor immunoglob- 
. ulin E (IgE)]-mediated phospholipase C activation, fol- 
lowed by suppression of the production of inositol 1,4,5- 
trisphosphate (IP3) and 1,2-diacylglycerol (1,2-DG) by 
hydrolysis of phosphatidylinositol 4,5-bisphosphate 
(27,28). IP3 mobilizes Ca^^ efflux ffom inuraceUular Ca^* 
storage site(s), and 1,2-DG activates protein kinase C. 
These events stimulate degranulation in mast cells. 
Smooth-muscle -cell proliferation stimulated by FDGF.is 
related to activation of intracellular signal transduction 
via PDGF receptor(s), and phospholipase C activation 
also is considered to be essential for ceD proliferation 
stimulated by PDGF in ti^ese signal-transducing mole- 
cules (30). In fact, it has been reported that two selective 
protein kinase C inhibitors inhibited smooth-muscle cell 
proliferation (31). The intracellular signal-transducing 
molecule(s) for histamine release from mast cells may be 
the same as those for smooth-muscle cell proliferation, 
and antiallergic agents may suppress bodi pathways. Fur- 
ther study is necessary to clarify the detailed mecha- 
nism(s) through which antiallergic agents suppress hyper- 
plasia after endothelial injury. A recent report indicated 
that antiallergic agents reduced the rate of restenosis after 
PTCA in humans. Pemirolast (32) at a dose of 20 mg/day 
reduced die restenosis rate after PTCA in comparison with 
controls (17.4 vs. 40.0%), as did tranilast (17,18) at a dose 
of 600 mg/day (14.7 vs. 46.5%), Antiallergic agents have' 
a broad spectrum of pharmacologic actions, including the 
inhibition of cytokine and leukotriene release from leuko- 
cytes (33,34) and the inhibition of phosphodiesterase (21) 
and phospholipase A2 (27) activities. Thus, multiple ac- 
tions of antiallergic agents may be related to the preven- 
tion of restenosis after PTCA in humans. 

Based on our observations, antiallergic agents may 
prove to be valuable agents for the preverition of athero- 
sclerosis and restenosis after PTCA, Pemirolast has more 
potent antihypcrplastic action than docs tranilast. 

REFERENCES 

1. Kaiicnbach M. Kobcr G, Schcre D, Vallbracht C Recurrence rate 
' after successful coronary angioplasty. Eur Mean J 1985;6:276-81. 

2. Scmiys PW, Luijien HE, Bcatt KJ. ct ai. Incidence of restenosis af- 
ter successful coronary angioplasty: a time relaicd phenomenon; a 



J Cardiovasc Fhannacol'** , Vol. iO. No. 2. 1997 



FROM BIOMEDICAL INFORMATION SERVICE 



(THU) 2. 7*02 13 : 21/ST. 13 : 1 7/NO. 4862641 1 61 P 10 



162 



N. MIYAZAWA ETAL 



quantitative angiographic study in 342 consecutive patients at I, 2, 
3, and 4 months. Circulation I988;77;36I-71. 
3. Ross R, The pathogenesis of atherosclerosis: an update. N Ensl J 
Med 1986;314:488-500. * 
. 4. Liu MW. Roubiii GS, King SB ID. Rcsienosis after coronary an- 
gioplasty: potcDDal biologic determinant and role of intimal hyper- 
plasia, adulation 1989;79:1374-87. 

5. Herbert JM, Tissinicr A, Defreyn G, Ma&and JP. Inhibitory effect 
of clopidogrel on platelet adhesion and intimal prolifenition after 
artenaJ injury in rabbits. /rtenojcitfrr/iromi, 1993;13:1371-9 

6. Faxon DP. Sanbom TA, Haudenschild CC, Ryan.TJ. Efifcct of an- 
tiplatelet, therapy on restenosis after expcrimenta3 angioplasty. Am 
J Cardiol \9U\SV.12C^C, b v^y-^m 

7. Clowes AW, Clowes MM. Kinetics of cellular proliferation after ar- 
tenal injury: hepariD inhibits rat smooth muscle rnitogencsis and 
migration. Circ Res 1986;58:839-45. 

8- Edelman ER, Adams DH. Kaniovsky MJ. Effect of controlled ad^ 
venuual heparin debvery on smooch muscle cell proliferation fol- 
^^rj^" ^^^^ ^ci USA 1990;87: 

9. Currier JW, Pow TK, Haudcnschild CC, Minihan AC, Faxon DP 
Low molecular weight heparin (en oxapirin) reduces restenosis af- 
ter iljac angioplasty in the hypcrcholesterolemic rabbit. J Am Coll 
Caniio/ 1991;17;n8B-25B. 

10. Jackson CL, Bush KC, Bowyer DE. inhibitor' effect of calcium an- 
tagonists on balloon catheter-induced arterial smooth muscle cell 
pTOliferation and lesion sire, /iiAcTOjciero^ij 1988;69: 115-22 

n. Hiroyuki A, Mutoh S, Hirosumi J, Yamagiichi 1. Effect of nil- 

vadipme on balloon cathcterization-iDduced intimal thickening of • 

?'qd''.°^^"^ ^ miniature pigs. / Cardiovasc Fharrr^ol 

1992;20l73i— 4. 

12. Powell JS. Qozel JP, MiiUer RKM, ct aL Inhibitors of angiotensin- 
convening enzyme prevent myointimal proliferarion after vascular 
mjury. Science 1989;245:186-8. 

13. Schwartz L, Bourassa MG. Lcspcrancc J, e{ al. Aspirin and dipyri- 
damole ID the prevention of restenosis after pcrcutaj^cnus u-ajislu- 
minal coronary angioplasty. Engl J Med 198S;3 181 714-9 

14. Whit\vonh HB, Roubin GS, HoUman J. et al. Effect of nifedipine 
on recurrent stenosis after percutaneous traaslurainal coronary an- 
gioplasty. J Am Coll Cardiol 1986;8: 1271.-^5. 

15. ■ nie Multiccntcr European Research Trial with Cilazapril after An- 
gioplasty to Prevent Transluminal Coroaary Obsnuction aod 
Restenosis (MERCATOR) study group. Does the new angiotensin 
converting enzyme inhibitor cilazapril prevent restenosis after per- 
cutaneous transluminal coronary angioplasty?: results of the MER- 
CATOR study, a muJticenter, randomized,* double-blind plucebo- 
contrpUed trial. Circulanon 1 992;86: 1 00-1 0. 

36. Kikuchi S, Umemura Kondo K, Nakashima M. Tranilasi sup- 
pr«s« mtimal hyperplasia after photochemically induced en- 
dothelial injury in the rat Eur J PhamiQcol 1996;295:221-7 

1-7. The TREAT snidy investigators. The impaci of iranilast on resteno- 
sis following coronary angioplasty: the Traniiast Restenosis Fol- 

lowmgAngioplastyTrial (TREAT). Circu/o/wn 1994-90-I-652 

18. Kato JC Tatnai H, HayaJcawa H, et al. ClinicaJ evaluation of trani- 

1 ' rKtenosis.aftcr percutaneous irdnsluminal coronary angio- 
plasty (PTCA)~a double-blind placebo-controUed comparative 
study. yam77i«rA/ei/. 1996;12:65-85. 

19. Tanaka K, Honda M. Kuramochi T, Morioka S. Prominent in- 



hibitory effects of iranilast on migration and proliferation of and 
collagen synthesis by vascular smooth muscle cells. Atherosclero 
sis 1994;107:179-85. 

20. Yanagihara Y. Kasai H, Kawashima T-Shida T. knmunopharmaco- 
logicaJ studies on TBX, a new antiallergic dnig: (1) Inhibitory ef- 
fects on passive cutaneous anaphylaxis in rats and guinea-pigs Jpn 
J Fharmacol \9ZZ-AZ',9\-\0\. 

21. Yanagihara Y, Kasai H. Shida T. Immunopharmacological studies 
on TBX, a new antiallergic drug: (2) Inhibitory effects on hista- 
mine release from peritoneal mast cells and lung fragments of rats 
Jpn J Pharmacol \9ZZ-M:\Q'^-U. 

22. Hirata Y, Umemura K, Kondoh K, Ucmatsu T, NaX'ashima M. Ex- 
perimental intimal thickening studies using the photochemically 
induced thrombosis model in the guinea-pig femoral artery Ather- 
osclerosis 1994;107:1 17-24. 

23. Umemura K, Toshima Y. Asai F, Nakashima M. Effect of dietary 
docosahcxaenoic acid enhances thrombolytic effect of tissue-type 
plasminogen activator in the rat middle cerebral anery thrombosis 
model. Thronib Res 1995;78:379-87. 

24. Umemura K, Asai F. Kohno Y. Uematsu T, Nakashima M. Role of 
thromboxane A2 in a microcirculation disorder of the rat in^r ear. ' 
Eur Arch Otorhinolaryngol 1 993;250:342-4. ' 

25. Hirata Y. Umemura K, Ucmatsu T, Wakashima M. An experimen- 
tal myocardial infarcdon model in the m and its proDcrries Jpn J 
Pharmacon995;61:5l'l. • • r 

26. Saniabadt AR. Photoschsitisers and photochenaicaj reactions. In: 
Nakashima M, cd- A novel photochemical model for thrombosis re- 
search and evaluation of antithrombotic and thrombolytic agents. 
London: Churchill Livingstone, 1994:1-19. 

27. Fujimiya H. Nakashima S, ^Uyata H, Nozawa V. Effect of a novel 
anriallcrgic drug, pcrairolasi, on activation of rat peritoneal mast 
ccllsr-inhibition of exocytodc response and membrdne phospho- 
lipid mmover. Int Arck Allergy Appl Jmmimol 1 99 1 ;96:62-7. 

28. Fujimiya H, Nakashima S, Kumada T. Nakaraura Y, Miyata H, 
Nozawa Y. An antiallergic drug, pemirolast potassium, inhibits in- 
ositol 1 ,4,5-Qisphosphatc production and Ca^+ mobilization in anti- 
gen-stimulated rat basophilic leukemia (RBL-2H3) cells Jpn J Al- 
/ffrjo/ 1994;43:142-51. 

29. Ninomiya K, Matsuoka S, Matsui S, Hiratsuka S, Ohmura S, 
HosoDO J. General pharmacological study of TBX. Jpn J Pharma^ 
colTher\m\ll:UAS-19. 

30. Valius M, Kazlauskas A. Phospholipase C-il and phosphatidyl i- 
nosiiol 3 kinase arc the downstream mediators of the PDGF recep- 
tor's mitogenic signal. Cell 1993;73:321-34. 

31. Newby AC, Lim K, Evans MA. Brindlc NPJ, Booth ftPG. Inhibi- 
tion of rabbit aortic smooth muscle cell proliferation by selective 
inhibitors of protein kinase C. Br J Pharmacol 1995; 11 4: 1652-6. 

32. Ohsawa H, Kanai M, Noike H, er al. Effects of pemirolast potas- 
sium on prevention of angiographic restenosis after percutaneous 
transluminal coronary angioplasty. yp;i Cim J 1995;59:390-1. 

33. Suzawa H, Kikuchi S. Ichikawa K, Koda A. Inhibitory action of 
u-anilast, an anti-ailcrgic dnig, on the release of cytokines and 
PGE2 from human monocytes-macrophages. Jpn J Pharmacol 
1992;60:85-90. 

34. Kawashima T. Iwamoto I, Nakagawa N, Tomibka H, Yosbida S. In- 
hibitory effect of pemirolast, a novel antiallergic drug.' on 
leukotriene C4 and granule protein release from human 
eosinophils. Int Arch Allergy Appl Immunol 1994;103:405-9. 



J Cardiovasc PharmacoP*, ^hl 30. No. 2, 1997 



